A noncovalent intermolecular interaction between an organic halide group (Lewis acid) and a Lewis base, called halogen bonding (XB), is formed through the anisotropic electron density of the halogen atom. Because the halide group has an electron-deficient site in the opposite direction of the covalent bond, the linearity of XB is generally stronger than that of hydrogen bonding (HB). 1, 2 We have recently designed 1-butyl-4,5-dibromo-3-methylimidazolium bromide (Br) as an organic salt having both XB and HB properties. 3 As a result of the formation of XB between bromine and the bromide anion, the packing structure and butyl-group conformation of the salt displayed several different characteristics compared to those of 1-butyl-3-methylimidazolium halide. [4] [5] [6] In order to examine the characteristics further, it is important to investigate the effect of the counter-anion species on the crystal structure. Thus, we performed crystal-structure analysis for 1-butyl-4,5-dibromo-3-methylimidazolium iodide (I), and investigated the anion-size effects on the organized structure by comparing I with Br.
I was obtained by treating 1-iodobutane with 4,5-dibromo-1-methylimidazole in acetonitrile at 80˚C for 4 days. The dibrominated imidazole was prepared according to a previously reported procedure. 7 A single crystal of I was obtained by recrystallization from a mixed acetonitrile-ethyl acetate system (2:1) for X-ray analysis. The crystals were dried under 1 Torr at 40˚C for 3 days. The product was confirmed by 1 H NMR and elemental analysis. 8 The crystal and refinement data are given in Table 1 . Nonhydrogen atoms were refined anisotropically. Hydrogen atom positions were calculated and included in the calculation using the riding atom model.
The asymmetric unit of I with coordinating anions is shown in Fig. 2 , and Z = 4. The crystal structure was solved by a direct method and refined by full-matrix least squares to a final R value of 0.0253 with I > 2s(I). This salt is organized into zigzag sheets with successive honeycomb-like frameworks through halogen bonding and hydrogen bonding. observed in crystals of 1-butyl-3-methylimidazolium halide. [4] [5] [6] Although the butyl group in I crystals is twisted out of the imidazolium plane, that in Br crystals lies in the imidazolium plane. The minor difference between the counter anions Br -and I -results in a significant conformational change in the butyl group. Table S1 8 summarizes the cation-anion interactions in the I crystal. Not only C-H·I -HB, but also C-Br·I -XB exist in this crystal. Both bromine atoms at the 4 and 5 positions of the cation act as electron acceptors. The H(1)·I (1) ii (symmetry operation: ii) 1.5-x, 1/2+y, 1.5-z), Br(1)·I (1) i (symmetry operation: i) 1.5-x, 1/2+y, 1/2-z), and Br(2)·I(1) interatomic distances are significantly shorter than the sums of their van der Waals radii 9 and ionic radii, 10 indicating strong interactions. Both the C(2)-Br(1)·I (1) i and C(3)-Br(2)·I(1) XB angles are greater than 170˚, and are more linear than the HB angles. The typical features of XB 1,2 are clearly found in this crystal. Figure 3 shows packing diagrams in the range of x = 0-1/2. In this figure, these ion pairs are related by the 21 screw axes along the b-axis direction. I is organized into zigzag sheets with successive honeycomb-like frameworks. Each unit of the honeycomb framework is composed of three ion pairs via four XBs and two C(1)-H(1)·I (1) HBs. This honeycomb-like framework was also found in the crystal of Br, but Br was positioned in the planar sheet structure.
As shown by the dash-dotted lines in Fig. 3 , the iodide anions in the c-axis direction are positioned at the top or the bottom of the zigzag structure. This feature strongly suggests that the formation of a zigzag sheet is attributed to the size of I -. Including the methyl group radius, half the thickness of the imidazolium ring is about 2.0 Å. I -and Br -ionic radii are 2.20 and 1.96 Å, respectively. 10 It is likely that the combination of Br -and the cation prefers to organize into a planar sheet because they have a similar thickness, and strongly linear XB exists between them. We thus conclude that the larger I -restricts the formation of a planar sheet, and induces a zigzag sheet for preferable sheet-sheet stacking.
Characteristics of the sheet-sheet stacking 8 suggest that the flexibility of the butyl group plays an important role in filling the space caused by the formation of the tight XB and HB network.
In conclusion, we have analyzed the crystal structure of 1-butyl-4,5-dibromo-3-methylimidazolium iodide, and the effect of the anion size on crystal packing was clearly established. 
